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ABSTRACT 
The project focuses on theoretical thermal modeling and design of Latent Heat Thermal storage 
system (LHTS) for an adsorption refrigeration machine. A shell and Tube Latent Heat Storage 
exchanger is selected. Here solar thermal energy supplied by a collector is stored by the LHTS. 
Stored thermal energy is transferred by a Heat Transfer Fluid (HTF) into the generator, a 
component of an adsorption refrigerator. The shell and Tube LHTS contains Phase Change 
Material (PCM) which fills space outside the tube of heat exchangers. PCM have high thermal 
energy storage densities as compared to the sensible heat storage material and are able to absorb 
or release large quantities of thermal energy at constant temperature by undergoing a phase 
change. The HTF flows through the tube, which exchanges thermal energy to the PCM. The 
selection of a suitable PCM for a LHTS is based on melting point, thermal conductivity, latent 
heat of fusion, operating temperature, etc. 
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1. INTRODUCTION 
 Solar energy is the most promising alternative sources of energy compared to 
traditional fossil fuels. It is largely available, there are no ongoing fuel costs and its environmental 
impact is low. Solar absorption refrigeration can be accomplished by using either a thermal energy 
supplied from a solar collector, or electrically from a photovoltaic panel.  
Photovoltaic refrigeration does not yet enjoyed widespread use because of low efficiency 
and the high cost of Photovoltaic cells. Although solar energy has its advantage, it remains, 
however, intermitted and unpredictable. Some form of Thermal Energy Storage System (TESS) is 
necessary for effective utilization of such an energy source, to meet demand on cloudy days and 
nights. TESS, therefore, plays an important role in conserving thermal energy, leading to an 
improvement in the performance and reliability of a range of energy system .In an attempt to 
improve thermal performance of a solar thermal driven refrigeration system, a limited number of 
solar cooling designs with TESS are recorded. 
 However, given the increasing cooling demand in residential and small scale applications 
increases the demand of TESS. The complete refrigeration system consists of three major unites: a 
solar collector (SC), a storage system (SS) and an Absorption Refrigerator unit (ARU).  
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The solar collector concentrates sunlight to head HTF to a high temperature which delivers 
the absorbed energy to the storage unit. This is the charge cycle. During the discharge cycle stored 
energy is extracted and converted to the generator. The acquired thermal energy is then used to 
drive the absorption cooling cycle.  
The SS of the solar absorption refrigeration system is of particular importance since it is 
required to adjust mismatches between variable solar energy. Atul Sharma, C. R. Chen et al this 
paper summarizes the investigation of the solar water heating system incorporating with Phase 
Change Materials (PCMs).This paper is focused on the past & current research of energy storage 
through PCMs for solar water heating systems.[1]. Abhay B. Lingayat, Yogesh R. Suple et al this 
paper present on thermal energy storage using PCM and their applications. It provides high energy 
density and small temperature change interval upon melting/solidifying [2.]They store 5–14 times 
more heat per unit volume than sensible storage materials such as water, masonry, or rock. 
Lavinia Gabriela (2008) et al thermal energy storage (TES) systems provide several alternatives 
for efficient energy use and conservation.  
Phase change materials (PCMs) for TES are materials supplying thermal regulation at 
particular phase change temperatures by absorbing and emitting the heat of the medium [3]. 
Vaibhav Dixit and Prof. D.V. Mahindru et al is discussed about the utilization of solar energy 
during the day and store some of the unused energy for use at night.  
There are two ways in which thermal energy can be stored the first being via the sensible 
heat of a material and the second is as the latent heat. A parabolic trough collector is used as solar 
thermal energy collector.[4]. The normally designed to track the Sun along on the axis oriented in 
the North-South or East-West direction. Bruno Cardenas, Noel Leon et al this deals with the 
problem in solar power generation. [5] Anica Trp, Kristian Lenic, Bernard Frankovic et al about 
transient heat transfer phenomenon during charging and discharging of the shell and-tube latent 
thermal energy storage system has been analyzed based on the enthalpy formulation.[6]. 
Mehmetesen E, Aydin Durmus¸ and Ayla Durmus et al said about the performance cylindrical 
latent heat storage tank. Two different models are observed the first is suited to tanks where the 
phase change material (PCM) is packed in and the Heat transfer Fluid (HTF) flows parallel to it 
(mode 1). The second is suited PCM in tube and HTF are embedded in the tank (mode 2) with an 
enthalpy-based method [7]. 
 This is because the thicker the PCM mass, the longer the melting time of the PCM mass. 
It means that, to store much more solar energy in a given time we must prefer mode 2 instead of 
mode 1. M. Conyi and CH. Charach et.al is discussed about the thermodynamics of heat storage in 
a PCM shell-and-tube heat exchanger and the high variation behavior of the heat source.[8]. The 
melting temperature that ensures maximum stability is given by Tm/T for the parallel set-up, the 
parallel set-up seems to provide a better thermodynamic efficiency. 
 
2. EXPERIMENTAL SETUP OF LHTESS WITH SOLAR ABSORPTION SYSTEM 
   Solar energy is gathered through the solar collector and accumulated in the LHSS 
by means of HTF. From the LHSS, hot fluid is transferred to the generator of the AAAR to boil 
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off ammonia from a solution of the ammonia and water. Ammonia vapor is produced in the 
generator at high pressure from a strong solution of NH3 (ammonia). Water vapor, carried with 
ammonia, is removed in a rectifier and only dehydrated ammonia gas enters the condenser. High 
pressure NH3 vapor condenses in the condenser. The cooled NH3 solution then passes through a 
throttle valve. The pressure and the temperature of the refrigerant (ammonia) are reduced below 
the pressure and temperature to be maintained in the evaporator. The cooled refrigerant enters the 
evaporator and absorbs heat required from the evaporator before leaving the evaporator as 
saturated vapor. Slightly superheated, low pressure NH3 is absorbed by the weak solution of NH3 
WHICH IS sprayed in the absorber. 
 
 The week NH3 solution (ammonia- water ) entering the absorber becomes a strong  solution after 
absorbing NH3 vapor and is then pumped to the generator through the heat exchanger. The pump 
increases the pressure of the strong solution to the generator pressure. The strong NH3 solution 
from the absorber absorbs heat from the high temperature weak NH3 solution in the heat 
exchanger. The solution in the generator weakens as NH3 vapor is removed. The weak high 
temperature ammonia solution from the generator is then passed to the heat exchanger. 
 
The first mode (Mode I) is used when solar energy is sufficient to heat the ammonia 
temperature level required by the generator.  The HTF passes through the solar collector before 
entering the LHSS and then the generator. The second mode (Mode II) is required when there is 
insufficient solar energy to heat the ammonia to a required temperature. Instead of passing 
through the solar collector, the HTF is channeled directly into the LHSS without passing through 
the solar collector, to make use of stored energy. To study the thermal performance of a heat 
recovery system with storage, a shell and tube type heat exchanger was designed and fabricated. 
Four copper tubes are mounded inside the tank.  
 
The outside of the shell was insulated with thick glass wool to reduce the heat losses 
during charging and discharging process of the PCM. Shell was filled with 8.5 Kg of Erythritol 
being used as Latent Heat Storage media. Thermocouples were used for measuring the inlet & 
outlet temperature of HTF and the PCM temperature, for the experiment water are used as HTF. 
Six-way temperature indicator is used for measure the temperature.  
 
Heater is also provided in the water tanks for the constant inlet water temperature during 
charging. Flowing of hot water started the charging test, and the stored energy was extracted by 
passing cold water during discharging. Ambient temperature, flow rate of water coming out from 
the system, PCM temperatures at 3axial locations were also measured simultaneously at an 
interval of 15 minutes. The thermocouple placed at a depth of 41.75mm, 83.50mm and 125.25 
mm at a distance of 250mm, 500mm, and 750mm.The experiment is repeated for different mass 
flow rates and the result is tabulated. 
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Fig.1 Working Diagram of Solar Absorption Refrigeration System 
Mode I: In Sufficient Solar Energy 
Mode II: In Insufficient Solar Energy 
 
3. RESULTS AND DISCUSSION 
 The thermal conductivity of the tube material has an effect on size of the LHSS. The size 
of the LHSS increases if the thermal resistance increases. The thermal resistance of conduction of 
the tube wall heat exchanger does not affect heat transfer, if the tube material has a high value of 
thermal conductivity. 
Solar Collector 
 
 
Latent 
Heat 
Storage 
System                         
Generator  
 
Rectifier 
 
Condenser 
 
Evaporator 
 
 
Absorber 
 
 
Heat 
Exchanger 
S. Ramanathan  / International Research Journal of Automotive Technology 2018; 1(6): 186-192 
The maximum amount of solidified PCM was obtained when discharge period was 
reached. Heat transfer rate during the solidification depends on the mass flow rate, the specific 
heat of HTF and the temperature difference between outlet and inlet of HTF. In charging process 
mean temperature of PCM increases and HTF outlet temperature decreases with time. This is 
reverse in the case of discharging process. The system efficiency of LHSS increases in charging 
process and decrease in discharging process. The efficiency of the system reached up to 30% 
The graph Fig.1 and Fig.2 shows decrease in HTF outlet temperature and increase of mean 
temperature of PCM in charging process, where the HTF temperature remains constant and PCM 
absorbs thermal energy with increase in time. 
 
                  
Fig.2 Graph during charging of time Vs PCM and                    Fig.3 Graph during charging of time Vs PCM  
     HTF Outlet temperature for mf = 20Kg/hr                       and HTF Outlet temperature for mf = 50Kg/hr 
 
The graph shows Fig.4 and Fig.5 increase in efficiency with increase in time. This is 
because the thermal energy is stored in the PCM increase with time during charging. 
 
                             
             Fig.4 During charging of time Vs Efficiency              Fig.5 During charging of time Vs 
                       for mf=20kg/hr         Efficiency for mf = 50Kg/hr                              
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The graph shows Fig.6 and Fig.7 decrease in HTF outlet temperature and mean 
temperature of PCM during discharging period. This is because the stored thermal energy is 
released from PCM when time is increasing. 
                    
 
Fig.6 Graph during discharging of time Vs PCM             Fig.7 Graph during discharging time Vs PCM and    
And HTF outlet temperature for =20kg/hr                               HTf outlet temperature for = 50kg/hr                                                                                        
                                                                                        
 
The graph shows Fig.8 and Fig.9 decrease in efficiency with increase in time. 
Because the thermal energy stored in PCM decreases with time due to energy released from the 
PCM during discharging period. 
 
                                                                                                 
 
Fig.8 During discharging of time Vs Efficiency        Fig.9 During discharging of time Vs Efficiency    
for mf=20Kg/hr             for mf=50Kg/hr 
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4. CONCLUSION        
 
 Shell-and-tube was selected as the best configuration heat exchanger. It stores thermal 
energy by means of a PCM filling the space outside the tube heat exchanger. The model was a 
function of dimensionless parameter ‘Fo’, which is the fraction of solidified PCM during the 
discharge process along the LHSS. Erythritol was selected as storage material. The size of LHSS 
depends upon the value of the fraction of PCM solidified at the inlet of the tube Fo, the Non-
dimensional value τ, thermal properties of the tube material. Heat transfer rate during the 
solidification depends on the mass flow rate, the specific heat of HTF and the temperature 
difference between outlet and inlet of HTF. The greater the value of the fraction of the PCM 
solidified, the greater the value of the dimensionless time τ, as a result outer radius has lower 
value. Therefore the volume and mass of PCM were also lowered. The size of the LHSS increases 
if the thermal resistance increases. The thermal resistance of conduction of the tube wall heat 
exchanger does not affect heat transfer, if the tube material has a high value of thermal 
conductivity. The PCM and HTF outlet temperature were studied during charging and discharging 
period for different mass flow rate. The efficiency of the system is also calculated. Further work 
can be done by mixing of nano particles with erythritol and by introducing better heat 
enhancement methods in Latent Heat Storage system. 
 
REFERENCES 
 
1. Atul Sharma, C. R. Chen. Solar Water Heating System with Phase Change Materials. 
International Review of Chemical Engineering (I.RE.CH.E.), Vol. 1, N. 4 July 2009. 
2. Abhay B. Lingayat, Yogesh R. Suple. Issue: 4-Jul-Aug 2013. Review On Phase Change 
Material as Thermal Energy Storage Medium:  International Journal of Engineering Research 
and Applications (Ijera) Vol. 3. 
3. Lavinia Gabriela. Thermal Energy Storage with Phase Change Material. Leonardo Electronic 
Journal of Practices and Technologies,ISSN 1583-1078. 
4. Ujjwala Sharma, Vaibhav Dixit & Prof. D.V. Mahindru. Latent Heat Storage System: A 
Panacea To Address Energy   Needs. Global Journal of Science Frontier Research. Volume 13 
Issue 5 -2013. 
5. Bruno Cardenas, Noel Leon. High Temperature Latent Heat Thermal Energy Storage: Phase 
Change Materials, Design Considerations and Performance Enhancement Techniques,14 July 
2013. 
6.  Anica Trp, Kristian Lenic, Bernard Frankovic. Analysis Of The Influence Of Operating 
Conditions And Geometric Parameters On Heat Transfer In Water-Paraffin Shell-And-Tube 
Latent Thermal Energy Storage Unit. 5 February 2006. 
7. Mehmet Esen Thermal Performance of a Solar-Aided Latent Heat Store Used For Space 
Heating By Heat Pump.  30 November 1999. 
8.  M. Conti  And Ch. Charach. M. Conti  And Ch. Charach. M. Conti  And Ch. Charach. 
Thermodynamics Of Heat Storage In A PCM Shell-And-Tube Heat Exchanger In Parallel Or 
In Series With A Heat Engine Elsevier Science, Solar Energy Vol. 57. 
 
 
